SUMMARY The purpose of this study was to assess the carriage of Clostridium difficile by household pets to determine their potential as a reservoir of infection. The selective cycloserine-cefoxitin medium was used for C difficile isolation, and tissue culture used for detection of cytotoxin.
Evidence collected over the last four years firmly implicates Clostridium difficile as a cause of both non-antibiotic and antibiotic associated pseudomembranous colitis (PMC). ' 2 Recent evidence also indicates that this organism may play an aetiological role in diarrhoea' [3] [4] [5] and exacerbation of inflammatory bowel disease.67 Before the aetiology of PMC was delineated the unusual geographical and temporal clustering of cases implied that an infectious agent was responsible.8 '°In addition, the different carriage rates of this organism noted in infants with different types of C difficile predominating in a given centre-that is, cytotoxigenic or non-cytotoxigenic, and colonisation of infants even if delivered by caesarean section imply that the organism can be acquired from the environment'1-14 and that cross-infection may take place. Recent work has demonstrated that cross-infection probably does take place among hospitalised patients15 16 and that the organism can be isolated from the environment of patients who have been excreting C difficile. Evidence indicates that in the majority of cases of C difficile-mediated disease the organism is acquired from the environment by a host susceptible to infection. This need not necessarily be only in hospitalised patients as cases of C difficile-associated diarrhoea3420 and PMC2' (and Borriello SP, unpublished observations, 1979 Cytotoxin was detected as described previously24 The "tube method" was used. Stool samples were analysed for the presence of a cytotoxin that was neutralised by the cross-reacting C sordellii antitoxin. Isolates of C difficile were analysed for the in vitro production of this toxin. They were grown in Robertson's cooked meat medium (Southern Group) for three days. Neat cell free filtrates (0 45 gm filters) were then tested for the presence of cytotoxin. Any cytopathic effect that could be neutralised by C sordellii antitoxin was recorded. Absence of any effect on the cells was taken to indicate that the isolates did not produce cytotoxin.
TEST FOR PATHOGENICITY
Four strains of C difficile were each tested for their ability to induce a fatal ileocaecitis in three antibiotic-treated hamsters. Male Syrian hamsters (Mesocricetus auratus)
were given 0 5 mg of clindamycin phosphate (Dalacin RC phosphate; Upjohn, Crawley, West Sussex, England; supplied as 4-ml ampoules for clinical use) interperitoneally as a single 0 5 ml injection. The animals were then housed in single isolator cages with sterile bedding, water and food.25 After five days the hamsters were challenged with an oral dose of 0'5 ml of a washed suspension of C difficile containing between 107 and 108 organisms/ml. The animals were returned to their sterile environments and observed daily. At the end of nine days any surviving animal was challenged with a pathogenic strain of C difficile isolated from a hamster (strain 2B) to confirm that the animal was still susceptible to C difficile. In this way survival could be attributed to a lack of pathogenicity by the original isolate as opposed to resistance to infection by recolonisation by a normal gut flora due to accidental contamination during handling.
Results
The animals studied are presented in Table 1 . Eleven dogs, six cats, a duck and a goose were shown to carry C difficile. Only eight of these animals were known to have recently received antibiotics ( Table 2 ). In most cases the animals harboured non-cytotoxigenic strains (Table 2) . However, cytotoxigenic strains were isolated from a dog, a goose, a duck and three cats ( Reliable ages were available for the cats and dogs studied. The mean age of the positive animals was 5 8 yr (range 4 months to 15 yr), and that of the negative animals 6-7 yr (range 2 months to 15 yr). Four of eight (50%) of those younger than 1 yr and 12/60 (20%) of those older than 1 yr were positive for C difficile. The difference in these results was not statistically significant by the x2 test, although it approached significance at the 5% level by Fisher's exact test.
Of the four strains of C difficile tested for pathogenicity in the hamster model of antibiotic-associated ileocaecitis two strains were positive (Table 3 ). In two cases the organism failed to colonise the hamsters. Both of these strains were isolated from dogs. In those cases where colonisation did not take place the animals died after subsequent challenge with the known pathogenic strain of C difficile. The surviving animals in which the noncytotoxigenic strains had established survived subsequent challenge with the pathogenic strain. This apparent protection by prior colonisation with non-cytotoxigenic strains of C difficile has been noted previously with human source isolates (Borriello SP, Barclay F, unpublished observations, 1982).
The results of environmental sampling show that of the 35 sites investigated at the veterinary hospital, four yielded C difficile. These sites were a kennel room cupboard, a mop, and the surface of a washing machine. In three of these cases the isolate recovered produced cytotoxin in vitro. The non-cytotoxigenic strain was isolated from the sole of one of the investigators shoes. Sampling around the home environment of one of the dogs excreting C difficile failed to yield C difficile from the six sites investigated. Areas investigated were the animal feeding bowls and bed and the living room and bedroom carpets. Sampling of the seats of the car in which the animal was frequently transported also failed to yield this organism.
Discussion
There have only been a few reported isolations of C difficile from animals. These include isolations from camel, cow, donkey and horse dung,26 27 the intestinal contents of the antarctic Weddell seal,28 as part of the normal flora of conventional neonatal hares,29 and the isolation of a cytotoxigenic strain from a sitatunga deer (Grant IK, Borriello SP and Honour P, unpublished observations, 1982). There were no reports of carriage of C diffic ile in household pets and therefore the potential for disease in these types of animals, and for the transmission of the organism from animal to man either directly or via a fomite was unknown. The results of this study clearly demonstrate that household pets can harbour C difficile, and further, that this organism can be isolated from their immediate environment. Unlike the situation with human adults, C difficile carriage in these animals does not appear to be associated with recent antibiotic therapy, although one must accept that the study group being considered is small and composed of a number of different species of different ages. In addition, none of the positive animals had bowel motions atypical for the species, even though in some cases cytotoxin was present in the faeces. In these respects, carriage in household pets is similar to that of human infants, even though only four of the positive animals were less than 12 months old at the time of sampling.
In two cases animal isolates were shown to be able to induce a fatal enterocaecitis in the hamster model of antibiotic-associated ileocaecitis. In view of this, it is interesting to speculate that household pets may act as a source of infection and subsequent disease for people in the community, such as those receiving antibiotic therapy. There is as yet no documented case of animal-to-person transmission of C difficile and even in view of the awareness that household pets can harbour this organism, in the absence of a satisfactory biotyping scheme this possibility will remain speculative. However, we have experience of community cases of C difficile-associated pseudomembranous colitis, and of three cases of relapse after vancomycin therapy for C difficile infection that have occurred while the patient has been at home. Although it is possible that relapse is due to outgrowth of spores remaining in the gastrointestinal tract,30 reinfection is also a possibility. In view of our findings, we conclude that in future the possibility of infection from a household pet should be considered and investigated. 
